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Nowadays, the organization or assembly of nanoparticles is becoming an 
important research topic in the field of nanoscience because assemblies of 
nanoparticles may display new or enhanced properties in comparison with the 
individual nanoparticles via coupling effects among nanoparticles. For example, when 
two metal nanoparticles are placed very close together, near field coupling may occur 
between their surface plasma due to the transfer and confinement of electromagnetic 
energy, which greatly enhances the local electromagnetic field between two adjacent 
nanoparticles. The excitons of two semiconductor nanoparticles may also couple 
because of the electron transfer or resonance energy transfer between them, resulting 
in a red-shift of the adsorption and photoluminescence emission bands of the 
nanoparticles. The collective properties exhibit great potential applications, especially 
in sensors. It is worth noting that the collective properties depend not only on the size 
and shape of the individual building block, but also on the spatial orientation and 
alignment among them, which is particularly interesting when the individual building 
block is anisotropic. So far, scientists have made great advances in nanoparticle 
assembly, and the syntheses of anisotropic nanoparticles have also achieved 
significant progress. However, the concept of anisotropic assembly is underdeveloped 
in most nanoparticle assembly schemes. Directing anisotropic assembly into 
well-defined orientations still remains a great challenge. 
In the present study, the main contents and results are as follows: 
1. By taking advantage of the anisotropy of AuNRs, we design different 
bifunctional PEG molecules to selectively bind either the end or side face and 
simultaneously protect other faces of individual AuNRs. In this way, we successfully 
achieve orientation-controllable assemblies of AuNRs into side-by-side (SS), 
end-to-end (EE) and end-to-side (ES) orientations based on the electrostatic 















2. We find that the different orientations of assembled motifs in these three types 
of AuNRs assemblies exhibited different near field coupling between the surface 
plasma of the neighboring AuNRs, leading to different surface-enhanced Raman 
signals. It is undoubted that the current rational design of oriented assembly can be 
potentially useful for directing anisotropic nanoparticles into well-defined orientations, 
which provides a powerful route in designing families of novel nanodevices and 
nanomaterials with programmable electrical and optical properties. 
3. A versatile protocol has been developed for highly sensitive surface-enhanced 
Raman scattering (SERS) detection of analyte based on fabrication of gold 
nanospheres (AuNSs) and gold nanorods (AuNRs) assemblies. Unlike the 
salt-induced nanoparticles aggregation strategy or the analyte molecules induced 
assembly method, introducing a third assembly unit-AuNRs to assemble with AuNSs 
through electrostatic interaction will help generate stable “hot spots” in the gap 
between AuNR-AuNS and thus greatly improve detection limit and reproducibility. 
By applying the detection of melamine as example, we found that the detection limit 
might improve 50 times, from 50 ppb to 1 ppb. Furthermore, this strategy has been 
successfully applied for detection of commercially available milk spiked with 
melamine as proof of general applicability with good reproducibility. 
4. We proposed that the synthesis of asymmetric composite particles 
PS/Fe3O4@SiO2, and then we modified PS/Fe3O4@SiO2 with folic on the PS particle 
surface and loaded DOX on the SiO2 particle surface via a hydrazone which is 
relatively stable in neutral pH, but is cleavable under mild acidic condition, such as 
lysosomes and tumor sites.  
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